Scientific information on the biodiversity of marine caves in the eastern Mediterranean is limited, especially when considering the extensively studied caves of the north-western and central Mediterranean. Aiming to enhance current knowledge regarding cave communities, this study represents a first assessment of the marine cave biota of the eastern Mediterranean, as defined by the European Union's Marine Strategy Framework Directive (MSFD). Information retrieved from an extensive overview of relevant scientific documents was combined with original data recorded from 23 marine caves in the north-eastern Mediterranean. Our results report a total of 520 taxa recorded in eastern Mediterranean marine caves to date, the majority of which are sponges, polychaetes, rhodophytes, bivalves, fishes, and gastropods. These include several protected, endemic and alien species. However, not all taxonomic groups from different areas have been equally investigated and future studies are expected to increase the number of endemic and alien species. The observed general trend is that the reported species number is generally related to sampling effort and scientific expertise. The most well-studied marine cave communities in the eastern Mediterranean are those of the Aegean Sea (especially its northern sector), which presented the highest number of species, followed by those of the Levantine. Furthermore, our research in Aegean caves revealed numerous new records for the marine cave fauna of the eastern basin, while several species are reported for the first time in a marine cave habitat. The critical need for further scientific research, monitoring, and conservation of this unique ecosystem was highlighted by (i) the presence of certain species endemic to the eastern Mediterranean coupled with a high proportion of alien species, especially in the Levantine Basin, and (ii) marine cave habitat availability in isolated insular areas of the eastern Mediterranean.
Introduction
Marine caves constitute a typical feature of the Mediterranean rocky coastline. According to the most recent census, 738 marine caves have been recorded in the eastern Mediterranean to date, representing one fourth of the known Mediterranean marine caves (Giakoumi et al., 2013) . However, information regarding their biodiversity and community structure is limited compared to their north-western and central Mediterranean counterparts .
The first scientific data concerning the biota of eastern Mediterranean marine caves were acquired during the "CA-LYPSO" expedition in the 1950s to Kastelorizo, a Greek island in the Levantine Basin (Laborel, 1961; Vacelet, 1961) . Later on, Riedl (1966) provided additional biodiversity data for Aegean caves, while scattered information, focusing mainly on the description of rare and new species, was published in more general faunistic and taxonomic studies from the same area (e.g. Bailey, 1969; Hayward, 1974;  ranean areas and showed that sponges exhibit clear biogeographic patterns, thus underlining the need to conserve this habitat across the Mediterranean in order to ensure representativeness. Rastorgueff et al. (2014) studied cave mysid populations throughout the northern Mediterranean and revealed contrasting patterns of genetic structuring between the western and eastern parts of the basin, which could be attributed to the presence of phylogeographic breaks. Spatial heterogeneity among and within ecoregions is considered a crucial factor that needs to be taken into account in future conservation plans (Giakoumi et al., 2013) . However, the lack of scientific data on the biodiversity and community structure of fragmented habitats, such as marine caves, could hamper conservation actions. Taking into account the high level of individuality of this particular habitat and the need to acquire further knowledge that will ensure its adequate conservation, the aim of this work is to: (i) present new data on the biodiversity of marine caves from the north-eastern Mediterranean, (ii) assess marine cave biodiversity throughout the eastern Mediterranean by combining field data and bibliographic information, and (iii) discuss local patterns and unique features.
Materials and Methods
Since 2009, several marine caves in north-eastern Mediterranean coastal and insular areas were surveyed within the framework of a broader scientific study focusing on the biodiversity of Aegean Sea caves. Sampling was performed through SCUBA diving. Additional qualitative information provided by recreational divers (through web fora and direct communication) was also considered.
Furthermore, the scientific literature concerning marine caves of the Mediterranean Sea was reviewed and all biodiversity data were incorporated into a single database along with ecological and spatial information (see Methods in Gerovasileiou & Voultsiadou, 2012; . In this database, protected species (including those under regulated exploitation) were identified according to OCEA-NA (2009 and references therein) as well as the Greek national legislative framework (e.g. Presidential Decree 67/1981; Thessalou- Legaki & Legakis, 2005; Katsanevakis et al., 2011 and references therein) . The marine cave biodiversity list was also checked for the presence of alien species (see Methods in Gerovasileiou et al., 2015) . Τhe ratio of eastern Mediterranean to total Mediterranean marine cave biodiversity was calculated based on data given in .
The borders of the eastern Mediterranean were defined according to the European Union's Marine Strategy Framework Directive (MSFD) and encompass the Aegean and Levantine ecoregions as defined by Spalding et al. (2007) . To facilitate analysis, the eastern Mediterranean was further subdivided into three biogeographic subareas: Northern Aegean (NA), Southern Aegean (SA), and Levantine (LB) .
Results
A total of 62 studies, published during the last 55 years, were found to include data on marine cave biota of the eastern Mediterranean; however, only 14 of them focused exclusively on marine caves, the rest being general ecological, faunistic, and taxonomic studies. Most studies (41) concerned the Aegean ecoregion (20 in the north and 16 in the south Aegean seas), while 35 studies concerned marine caves of the Levantine Basin. Furthermore, this study provided new biodiversity data for 23 marine caves and cave systems (sites with numerous neighbouring marine caves and tunnels), mainly from insular areas of the north-eastern Mediterranean (Fig. 1) .
The combined field research and literature review resulted in a total of 520 taxa belonging to 34 groups (Table  1) , representing 24% of total Mediterranean marine cave biodiversity. Sponges were the dominant group in terms of species number followed by polychaetes, rhodophytes, bivalves, fishes and gastropods (Table 2 and Figure 2 ). Concerning the spatial variability of cave biota, a higher number of taxa was reported from the entrance and semidark zones (260 and 265 taxa respectively), compared to the dark zone (116) whereas, for 92 taxa, the cave zone was not specified.
The northern Aegean Sea displayed the highest number of taxa (324 taxa, representing 15% of total Mediterranean marine cave diversity), followed by the Levantine Basin (175 taxa, 8%) and the southern Aegean (157 taxa, 7%). The best studied northern Aegean caves, Fara and Agios Vasilios, hosted 200 and 170 taxa respectively while the best studied Levantine caves were those of Selaata, harbouring 57 taxa. The various taxonomic groups were not equally represented among areas. For instance, northern Aegean caves hosted 100% of the Mediterranean cave Echiura and Phoronida, 50% of the Tanaidacea, approximately 30% of Porifera, Anthozoa, Sipuncula, Cephalopoda, Brachiopoda, Echinodermata and Pisces, and 25% of Polychaeta and Scyphozoa. Respectively, Levantine caves harboured 50% of the Mediterranean cave Bivalvia and 44% of Brachiopoda, while southern Aegean caves hosted 51% of the Mediterranean marine cave Phaeophyceae and 30% of Rhodophyta.
A considerable proportion of taxa recorded in this study are new records for the marine cave biodiversity of the northern Aegean Sea (55.5%), the southern Aegean Sea (25%), and the Levantine Basin (7%). Additionally, 15 species are reported for the first time in marine caves, either as cave-dwellers or occasional visitors (Table 1) . A high number of species (88) are protected by national and international legislation (including those under regulated exploitation) ( (Table 1) .
Discussion
The limited research effort carried out in the marine caves of the eastern Mediterranean, compared to that of the western Mediterranean, is illustrated by the average trend of cave-related publications: approximately 1 study per year for the eastern basin, versus an upward general trend of 5 studies per year for the entire Mediterranean . A zoogeographical gradient, i.e. a north-west to south-east decrease of species number was observed for sponges, anthozoans, and polychaetes, in accordance with previous studies (Vafidis et al., 1994; Voultsiadou, 2005a; . However, it should be taken into account that geographical patterns of species number generally follow trends in sampling effort and scientific expertise, whereas quantitative information only exists for two marine caves of the northern Aegean Sea .
The studied eastern Mediterranean cave communities present certain differences from their western Mediterranean counterparts, such as (i) a scarcity or lack of erect, branching anthozoans (e.g. gorgonian and red coral facies), which often thrive at the entrance and in semidark zones of north-western Mediterranean caves, and (ii) the presence of species endemic to the eastern Mediterranean. This might be related to temperature and trophic differences between the two basins, as suggested by Bibiloni & Gili (1982) and Uriz et al. (1993) , who compared marine caves of the Balearic Islands (characterized by oligotrophic conditions and higher water temperatures) and the continental north-western Mediterranean coast. Specific characteristics of marine cave communities from the different areas of the eastern Mediterranean are discussed in detail below.
As indicated by the results, the Aegean Sea is the most thoroughly studied area in the eastern Mediterranean regarding its marine cave biodiversity, and hosts some of the richest caves, as far as species number is concerned, studied in the Mediterranean Sea. However, there are marked differences between its northern and southern sectors the northern Aegean is influenced by the brackish cold water input from the Black Sea through the Dardanelles Strait and higher river runoff in contrast to the southern sector, which receives saline warm water flowing northwards from the Levantine (Lykousis et al., 2002) . These differences are reflected in the higher productivity and diversity of the northern Aegean (Voultsiadou, 2005a; . In further support of this, showed that species composition of the marine cave sponge fauna of the northern Aegean resembled that of the north-western Mediterranean, while the southern Aegean cave sponge fauna displayed closer affinities to that of the Levantine. In this study, the well-studied northern Aegean marine caves were found to support a rich fauna of sponges, scleractinians, polychaetes, decapods, echinoderms, and fishes, comparable in species number to that of the wellstudied north-western Mediterranean caves. They also host endemic eastern Mediterranean species (e.g. the sponges Axinella cannabina, Coscinoderma sporadense, Hemiasterella aristoteliana, and Ircinia paucifilamentosa, and the bryozoan Hippaliosina depressa), as well as species that are not as common in the north-western basin (e.g. Madracis pharensis). The fact that several species found in northern Aegean caves are reported for the first time as cave-dwellers may partly be attributed to the recently increased research effort, but may also reflect the presence of occasional visitors. The scleractinian coral Ceratotrochus magnaghii observed on the ceiling of the dark interior zone in two marine caves (10-30 m) is reported for the second time from the eastern Mediterranean. Its present finding in the Aegean Sea constitutes the shallowest record for the species after its recent finding in deep (426-1334 m) Neopycnodonte-Desmophyllum framestones, west of Crete (Taviani et al., 2011) . 2, 3, 4, 6, 7, 8, 9, 10 16, 17, 18, 19, 20, 22, 23, 24, 27, 28, 29, 30, 31, 32 Phorbas tenacior (Topsent, 1925) 1, 2, 3, 4, 6, 7, 8, 10 16, 17, 18, 19, 24, 28, 30, 33 2, 3, 4, 5, 6, 7, 9, 10 16, 17, 18, 19, 20, 22, 23, 24, 27, 28, 29, 30, 32, 33 In the rest of the Mediterranean, this anthozoan was found in semidark and dark caves of Marseille (7-37 m) and Croatia (40 m), as well as on coralligenous beds and in deeper waters, down to 400 m (Zibrowius, 1978) . Interestingly, along the southern coasts of Crete, 2 rare benthic species were recorded, not yet found in other eastern Mediterranean caves, namely, the polychaete Filogranula annulata (Zibrowius, 1968; 1971) and the deep-sea scleractinian Guynia annulata reported from a dark cave with freshwater infiltrations (Zibrowius, 1971; 1978) .
The detailed study of the macroalgal assemblages in a semi-submerged cave in Milos Island, southern Aegean Sea (Lazaridou & Charitonidis, 1993) , yielded 68 species (11 phaeophytes, 6 chlorophytes, and 51 rhodophytes). The majority of the species recorded were sciaphilic (62%), but several photophilic species were also found in well-lit sectors due to the shallow depth and complex cave morphology. The macroalgal diversity within this cave is considered high compared to other well studied Mediterranean caves, where a range of 34-56 macroalgal species per cave have been recorded (e.g. Martí et al., 2004; Alongi et al., 2012) . This fact could possibly be attributed to the cave geomorphology and climatic factors of the southern Aegean resulting in higher levels of sunlight locally. It should be taken into account that there are still major knowledge gaps with regard to Aegean marine flora, and particularly understudied habitats, such as caves, and that future studies are expected to increase the number of species in this region . Furthermore, the known sponge diversity from southern Aegean marine caves is two times lower than that of the well-studied caves of the more eutrophic northern Aegean Sea. However, in situ observations by the authors showed that the cave communities of the southern Aegean islands were richer in sessile biota than those of the adjacent, well-lit infralittoral beds, where sciaphilic species (e.g. Table 2 . Number of taxa per taxonomic group recorded in marine caves of the eastern Mediterranean (NA: Northern Aegean, SA: Southern Aegean, LB: Levantine). The percent contribution of each group to the total Mediterranean marine cave diversity was calculated based on data given in rhodophytes, sponges, and anthozoans) were rare or even absent. This fact highlights the significant role of marine caves in the southern Aegean marine ecosystem. The sponge fauna of the studied Levantine marine caves is characterized by the largest number of endemic and warm-water species in the entire Mediterranean Sea . They host 3 sponge species with a narrow range of distribution, Cinachyrella levantinensis, Euryspongia raouchensis, and Gastrophanella phoeniciensis, which possibly constitute remnants of the thermophilous biota that lived in the Mediterranean Sea during warmer periods and have survived in the warmest part of the Levantine Basin only (Pérez et al., 2004; Vacelet et al., 2007) . A large number of hydrozoans and bivalves have been found in marine caves of the area, possibly reflecting the specific research interests of the experts involved (e.g. Morri et al., 2009; Crocetta et al., 2013a) . The large number of alien species reported from marine caves in this area highlights the need for scientific monitoring.
Conclusive remarks
This overview of eastern Mediterranean marine caves revealed a rich biodiversity, including several protected, endemic, and alien species. However, many taxonomic groups (e.g. macro-algae, hydrozoans, and bryozoans) were inadequately or unevenly studied across different areas. Furthermore, cave biodiversity data are completely lacking for certain eastern and southern areas (e.g. coasts of Turkey, Syria, Egypt, and Libya). The fact that the existing knowledge concerning the marine cave biota of the eastern Mediterranean is far from being complete, and that a moderate research effort yielded several new and alien species, indicates that future surveys are expected to increase the number of cave-dwelling species in this area significantly, including important endemic and alien components.
The high levels of biodiversity and endemism characterizing eastern Mediterranean marine caves highlight the need for protecting these ecosystems. Marine caves constitute fragmented habitats (Harmelin et al., 1985) , especially in the eastern Mediterranean, an area presenting heterogeneity in abiotic conditions, seascape, and coastline geomorphology. These features may function as phylogeographic breaks, influencing isolation and triggering speciation processes, as shown by Rastorgueff et al. (2014) . The vast majority of marine caves recorded in the Aegean ecoregion are located in insular areas (Giakoumi et al., 2013 ), possibly indicating a higher level of isolation (Bibiloni et al., 1989) . However, isolation mechanisms for marine cave assemblages are not always clear and the availability of a large number of caves in this area could facilitate connectivity among cave populations, in so far as caves could be used as 'stepping-stone habitats' . As connectivity is an important consideration in marine conservation planning, the availability and isolation of these habitats should be considered in future spatial prioritization schemes.
